Forest overstory composition infl uences both light and nutrient availability in the mixed boreal forest. The infl uence of stand composition on understory cover and biomass was investigated on two soil types (clay and till deposits). Four forest composition types were considered in this study: aspen (Populus tremuloides Michx.), paper birch (Betula papyrifera Marsh.), jack pine (Pinus banksiana Lamb.) and a mixture of balsam-fi r (Abies balsamea (L.) Mill.) and white spruce (Picea glauca (Moench) Voss). The cover of all understory species was recorded while the biomass of two important and ubiquitous species was measured: mountain maple (Acer spicatum Lam.) of the shrub layer and large-leaved aster (Aster macrophyllus L.) of the herb layer. Soil analyses were conducted to evaluate the infl uence of overstory composition on understory biomass through its infl uences on soil characteristics. Analyses of variance showed a signifi cant effect of forest canopy type on mountain maple biomass, understory cover and shrub cover but not on herb cover and large-leaved aster biomass. Path analysis was performed to explore the relationships between canopy type, nutrient availability and understory biomass. Contrary to what was expected, the variation in plant biomass associated with forest composition was weakly related to soil nutrient availability and more strongly related to stand structural attributes.
Introduction
The forest understory is an important component of forest biodiversity, and is where competition for light, water and nutrients strongly affects the initial success of tree species (Abrams and Dickmann 1982 , Brumelis and Carleton 1989 , George and Bazzaz 1999 , Kabzems and Lousier 1992 , Lieffers and MacDonald 1993 . The prediction of the effect of forest management activities on forest biodiversity, regeneration and productivity requires a better understanding of the factors controlling the composition and growth of the understory layer. It is well established that there are interactions between overstory and understory vegetation (Carleton and Maycock 1980 , Gagnon and Bradfi eld 1986 , Host and Pregitzer 1992 , Gilliam et al. 1995 , Sagers and Lyon 1997 , Légaré et al. 2001 , mediated by relationships among light, water and nutrients (Paré et al. 1993 , Longpré et al. 1994 , Brais et al. 1995 , Paré and Bergeron 1996 , Messier et al. 1998 .
It has long been recognized that understory biomass increases with an increase in incident solar energy (Zavitkovski 1976) . In fact, the understory layer is affected by a reduction of light, when canopy is closed and stratifi ed, and by nutrient availability (Gilliam and Turrill 1993) . Also, more light is transmitted to the understory of stands composed predominantly of shade intolerant species such as aspen (Populus tremuloides Michx.), jack pine (Pinus banksiana Lamb.) and white birch (Betula papyrifera Marsh.), than stands composed of shade tolerant species such as balsam fi r (Abies balsamea (L.) Mill.), white spruce (Picea glauca (Moench) Voss) and white cedar (Thuja occidentalis L., Messier et al. 1998) .
The different nutrient requirements of the species in a stand and their relative contributions to the chemistry of the forest litter affect soil nutrient availability and other soil properties such as pH and net nitrifi cation (Paré et al. 1993 , Longpré et al. 1994 , Brais et al. 1995 , Paré and Bergeron 1996 , Ste-Marie and Paré 1999 . The relationship between overstory and understory is complex and also dependant on permanent site factors such as surface deposit. This is illustrated in the use of understory species as indicators of site quality or site productivity (Spies and Barnes 1985, Nieppola and Carleton 1991) . It has been demonstrated that canopy type, through is infl uence on nutrient availability, affects understory composition (Légaré et al. 2001) . Our general hypothesis was that forest composition infl uences understory cover and biomass despite similar edaphic conditions.
The principal objective of this study was to determine the infl uence of forest canopy composition on understory. More precisely, we studied the effect of forest composition on: i) the abundance (i.e., per cent cover) of tree, shrub, and herbaceous species in the understory; and, ii) the biomass (g / m 2 ) of the indicator species mountain maple (Acer spicatum Lam.) and large-leaved aster (Aster macrophyllus L.). A secondary objective was to investigate the interactions among canopy type, nutrient availability and understory biomass using path analysis.
Materials and Methods

Study Area
The area studied is located at Lake Duparquet Research and Teaching Forest, in northwestern Quebec (48°30´N, 79°20´W). This area is part of the western Abies balsamea (balsam fi r)-Betula papyrifera (paper birch) bioclimatic domain (Grondin 1996) . This domain covers a part of the clay belt of Quebec and Ontario, a major physiographic region resulting from the deposits left by the proglacial Lakes Barlow and Ojibway at the time of their maximum expanse during the post-Wisconsinian (Vincent and Hardy 1977) . The closest weather station to the study area is located at La Sarre, 35 km north of Lake Duparquet. The average annual temperature is 0.8 °C, daily mean temperature for January is -17.9 °C and 16.8 °C for July, and the average annual precipitation is 856.8 mm (Environnement Canada 1993) .
In the early stages of succession, paper birch, aspen, or jack pine dominate the forests in our study area. If stands are not subjected to any major disturbances such as fi res (Bergeron 1991, Dansereau and or spruce budworm outbreaks (Morin et al. 1993) , they develop into forests dominated by balsam fi r and white cedar (Bergeron and Dubuc 1989) . However, several different successional pathways are possible, and in some cases fi r and spruce return immediately after a fi re (Bergeron and Dubuc 1989 
Sampling Methods
Ninety-four plots, each measuring 10 m × 10 m, were selected with particular care to ensure that the site conditions (slope and drainage) among plots were similar. The small size of these plots enabled us to avoid areas that had been disturbed by spruce budworm outbreaks. Plots were chosen on two different types of surface deposits; well to moderately drained clay and till. Four categories of forest composition were considered: aspen, paper birch, jack pine, and spruce-fi r (balsam fi r, white cedar, white spruce). One of these categories was assigned to each plot as a function of the species or group of species that exceeded 75% of the total basal area of the stand (Table 1) . Sampled stands originated from fi res that occurred in: 1870, 1916, 1919, 1923, 1944, 1964 (Table 2) . Except for the aspen stand originating from the 1870 fi re, which corresponds to a second cohort of aspen, dominant trees established immediately after the fi re in all stands (Bergeron 2000) . The stand type and surface deposits selected represent the common forests and soils in the region (Bergeron et al. 1983 ). There were several replicates for each combination of soil and forest composition (Table 2) . Some combinations had fewer replicates than others because of the diffi culty of fi nding sites undisturbed by human activity and on the desired soil type.
Vegetation Sampling Methods
Herb, shrub and tree species less than 1 m high, or of a diameter at breast height less than 1 cm (Appendix 1) were sampled in the summer of 1998. Ten randomly distributed subplots (1 m × 1 m) were installed in each 10 m × 10 m plot. The per cent cover of each species was estimated in each subplot. For each plot, the mean cover of each species was calculated, as well as total herb cover, shrub cover and total understory cover (i.e., all species). Following the observations of preliminary sampling in 1997, two understory species (mountain maple for its dominance in the shrub layer and large-leaved aster in the herb layer) were selected as indicator species of their respective understory layer biomass. Mountain maple and large-leaved aster biomass in each plot (10 m × 10 m) were assessed with allometric equations established for the Lake Duparquet Research and Teaching Forest (Appendix 2 and 3).
Soil Sampling
Eight samples were taken from two soil horizons: four samples from FH horizon and four samples from the fi rst 10 cm of the mineral soil (Ae horizon and the top of the B horizon) in each plot. The samples were pooled by horizon and were air dried and ground. FH layer pH was analyzed in distilled water (McKeague 1977) . Mineral N (NH 4 and NO 3 ) was extracted with 2M KCl and analyzed by fl ow injection analysis (Tecator FIA Star 5020). Exchangeable calcium in the humus layer was extracted with 0.1M BaCl 2 and determined by atomic absorption (Hendershot et al. 1993) . Percentages of silt and clay in the mineral soil were determined by granulometric analysis (McKeague 1977).
Light Measurements
Available light for herb species was assessed using a LAI-2000 plant canopy analyzer (LICOR Inc., Lincoln, NE), which measured photosynthetic photon fl ux density (PPFD). PPFD was measured at 50 cm above forest fl oor at eight systematically selected places in each plot. Simultaneously, reference measures, which corresponded to full light, were recorded every 15 seconds in an open fi eld near the study stand. Light measured at 50 cm above the forest fl oor was associated with the appropriate reference measures by the C-2000 computer program (LICOR Inc., Lincoln, NE), and light ratio transmitted at 50 cm above the forest fl oor was calculated.
Statistical Analysis
To maintain a balanced experimental design, jack pine stands were not included in the preliminary analyses of variance (ANOVA). Preliminary ANOVAs, with three fi xed factors (canopy type, time since fi re and surface deposit), were performed for the following dependant variables: shrub cover, herb cover, total understory cover, mountain maple biomass, and large-leaved aster biomass. Analyses were conducted on ranked cover and ranked mountain maple biomass data (Conover and Iman 1981) . Biomass data for large-leaved aster was log transformed to satisfy the assumption of normality. The principal objective of these analyses was to ensure that there was no interaction between forest composition and time since fi re. Therefore, data of only the 77, 81 and 84 year-old stands, which include all canopy types, were subjected to analysis of variance testing the effects of forest composition type and surface deposit. Herb cover, shrub cover, understory cover and large-leaved aster biomass were subjected to Tukey's multiple comparison tests to identify the signifi cant differences among cover types. Because there is a signifi cant interaction between forest composition type and surface deposit for the mountain maple biomass, two other Tukey's multiple comparison tests between canopy types were conducted for each surface deposit. All statistical analyses were performed using SAS (SAS Institute Inc. 1985) It is diffi cult to distinguish the respective effects of nutrient and light availability on understory cover and biomass. Path analysis, by way of correlation and partial regression coeffi cients, can be used to estimate direct and indirect contributions between the standardized predictor and criterion variables (Sokal and Rohlf 1981, Legendre and Legendre 1983) . The fi rst path analysis was performed to explore relationships between understory cover, forest composition type (spruce-fi r basal area), surface deposit (silt-clay percentage), nutrient availability (NH 4 and silt-clay percentage), and light availability (stand height and spruce-fi r basal area). The second path analysis was performed to observe relationships between mountain maple biomass, canopy type (sprucefi r basal area and aspen basal area), surface deposit (silt-clay percentage), nutrient availability (exchangeable Ca) and light availability (stand height and spruce-fi r basal area). The third path analysis was performed to explore the relationship between herb biomass (large-leaved aster biomass), canopy type (spruce-fi r basal area), surface deposit (silt-clay percentage), and nutrient availability (NH 4 available). Light availability was removed from the model because its infl uence on large-leaved aster biomass was not signifi cant. These path analyses were performed on Piste 3.1.1 (Université de Montréal (A. Vaudor), Montreal, Quebec), by way of Spearman correlation (SAS Institute Inc 1985) .
Results
Effects of Forest Cover Type on
Indicator Species Biomass and on Total Understory, Shrub and Herb Cover
Total understory cover was affected by forest canopy type, being lower under spruce-fi r stand than under any other forest composition (Table 3 , Fig. 1 ). There was a strong effect of forest composition on shrub cover, which was also lower under shade-tolerant coniferous stands than under white birch, aspen and jack pine stands (Fig. 2) . Total herb cover and large-leaved aster biomass were unaffected by forest composition and surface deposit (Table 4) . Mountain maple biomass was signifi cantly affected by forest composition, surface deposit and the interaction of these factors. On clay, its biomass was signifi cantly lower under spruce-fi r stand than under jack pine and aspen stands. However, on till deposits, mountain maple biomass was lower in spruce-fi r stands than in both deciduous stands and it was also lower in jack pine stands than in white birch stands (Fig. 3 ).
Effects of Forest Composition, Nutrients and Light Availability
Total understory cover was positively related to NH 4 availability, which was negatively associated to spruce-fi r basal area. It was also positively related to stand height, which was negatively related to spruce-fi r basal area. Spruce-fi r basal area also had a direct negative relationship with understory cover (Table 5 , Fig. 4 ). The silt-clay percentage is positively related to stand height but it had no causal relation with understory cover. The availability of calcium had a positive direct relationship with mountain maple biomass and exchangeable calcium was positively related to aspen basal area and silt-clay percentage. Mountain maple biomass was positively associated to stand height, which was related to aspen (positive effect) and spruce-fi r (negative effect) basal area and silt-clay percentage. Aspen and spruce-fi r basal area also had a direct negative relationship with mountain maple biomass ( Table 6 . Path analysis performed on aspen basal area (BAa), spruce-fi r basal area (BAsf), percent silt-clay (Clay), stand height (Height), exchangeable calcium (Ca) and mountain maple biomass (maple). Table 7 . Path analysis performed on spruce-fi r basal area, silt-clay percent, available ammonium and large-leaved aster biomass (aster). and silt-clay percentage, and negatively related to spruce-fi r basal area (Table 7 , Fig. 6 ). Light availability at 50 cm above the forest fl oor had no direct relationship with aster biomass (model not shown). Light availability at 50 cm above the forest fl oor cannot be considered as a predictive variable for the model of total understory cover and mountain maple biomass because shrub species grow higher than 50 cm. 
Discussion
The variation seen in the effect of forest composition on understory biomass suggests an infl uence of the stand structure. Our work seems to be consistent with that of Gilliam and Turrill (1993) , who showed that understory layer is more limited by light availability when canopy is closed and stratifi ed. Messier et al. (1998) found that shade intolerant tree species such as aspen, white birch and jack pine, transmit more light than shade tolerant tree species such as balsam fi r and white spruce. The direct negative effect of spruce-fi r basal area on total understory could be explained by the light attenuation of the forest canopy. Furthermore, stand height, a factor positively related to light availability (Messier et al. 1998 ) has a direct infl uence on understory cover. Above-ground biomass is often related to light availability and to the structure of the canopy cover (Zavitkovski 1976 , González-Hernández et al. 1998 and it is generally accepted that understory biomass is negatively affected by increasing tree canopy cover (Ohmann and Grigal 1985 , Tappeiner and Zasada 1993 , Huffman et al. 1994 . The absence of signifi cant variation of herb layer (herb cover and large-leaved aster biomass) related to forest composition could be explained by the fact that light availability at the forest fl oor level and at 50 cm above the forest fl oor is not signifi cantly different between stands of different composition (Messier et al. 1998 , Légaré et al. 2001 ).
The infl uence of spruce-fi r basal area on the herb layer as well as the lower total understory and shrub cover in spruce-fi r stands could also be explained by the competition for water and nutrients between understory species and latesuccessional trees. Fine and small roots of aspen and white birch are well distributed in the soil profi le, whereas for late-successional trees such as balsam fi r and white spruce, the fi ne roots are concentrated in the humus layer and in the surface mineral soil (Grier et al. 1981 , Gale and Grigal 1987 , Finér et al. 1997 , close to the roots of understory species. Interception of precipitation by the forest canopy could also contribute to the direct effect of spruce-fi r basal area on understory composition (Anderson et al. 1969) . Légaré et al. (2001) showed that through its infl uence on nutrient availability (Paré et al. 1993 , Longpré et al. 1994 , Brais et al. 1995 , Paré and Bergeron 1996 , forest composition affects understory composition and Turner and Franz (1986) suggest that soil heterogeneity associated with tree species would infl uence the spatial distribution of understory species. The negative relationship between available ammonium and spruce-fi r basal area and the positive relationship with total understory cover observed in the present study, suggests an infl uence of nitrogen availability on understory cover. However, a signifi cant difference in understory cover between conifer stands (jack pine and spruce-fi r) of lower soil fertility and deciduous stands of higher soil fertility was not observed. The effect of forest composition on mountain maple biomass varied with surface deposit. In jack pine stands, a greater biomass of mountain maple on clay deposits, which contains high available Ca, suggests that nutrient availability has an important infl uence. Mountain maple is a relatively nutrient demanding species (Vincent 1965 , Jobidon 1995 and is often nutrient limited (Aubin 1999) . On till, the smaller biomass of mountain maple in jack pine stands among earlysuccessional species stands can be explained by the negative infl uence of jack pine on available nutrients (Longpré et al. 1994) . Thus, mountain maple could be replaced, to some extent, by another species that are better adapted to infertile soil (e.g., green alder (Alnus crispa (Ait.) Pursh.). Other studies have indicated an infl uence of forest composition on understory composition through an effect on soil nutrient availability (Bergeron and Bouchard 1983, Légaré et al. 2001 ). On clay, the differences observed among forest compositions was also linked to stand structure variables such as total basal area, stand height and stand density, which affect light availability. The smaller biomass of mountain maple in aspen and white birch stands on clay deposits, could be related to the leaf area index (LAI) which is infl uenced by soil fertility (Zobel et al. 1976, Long and Smith 1988) .
Conclusion
In this study, stand structure variables seems to explained variation in understory biomass among stands of different composition and availability of soil nutrients does not appear to be an important factor. In contrast, a companion study indicated that changes in understory composition among forests of different composition were strongly related to nutrient availability (Légaré et al. 2001) .
The lack of a strong effect of nutrient availability on understory biomass suggests that understory species present in a given stand are well adapted to soil characteristics and that their growth is largely linked to light and water availability. However, in full light conditions, when the canopy is removed, or on poor site, nutrient availability may become more critical to the understory and the better adapted species should be more competitive and productive.
